A frame dependent effective action motivated by the postulates of three-space general coordinate invariance and Weyl scaling invariance exactly mimics a cosmological constant in Robertson-Walker spacetimes. However, in a static spherically symmetric Schwarzschildlike geometry it modifies the black hole horizon structure within microscopic distances of the nominal horizon, in such a way that g 00 never vanishes. This could have important implications for the black hole "information paradox".
system is moving with a velocity of 369 km/s relative to the CMB frame.
Given that the CMB provides a preferred reference frame, it is then natural to ask whether there can be other physical effects associated with this frame. In particular, could the assumption of a cosmological term with the frame-independent form given in Eq. (1) be replaced with a framedependent effective action term that has the same cosmological consequences, but has different implications for gravitational physics in other contexts?
We begin by making the natural assumption that if there are preferred frame gravitational effects, they are rotationally invariant in the CMB rest frame, since simplicity argues that there should be at most one preferred frame. More generally, we shall assume that any preferred frame effects are invariant under three-space general coordinate transformations, but not under full fourspace general coordinate transformations. A significant additional restriction is obtained by assuming invariance under global Weyl scaling transformations of the metric g µν by a general constant λ,
Our introduction of this assumption was motivated in [1] by reference to a pre-quantum trace dynamics theory [2] , in which pre-quantum degrees of freedom are averaged over a canonical ensemble to give rise to quantum field theory as a thermodynamic average. Since the ensemble is constructed from the trace Hamiltonian, it picks out a preferred frame, and for massless pre-quantum fields the ensemble can be shown to be invariant under Weyl scaling transformations of the metric and the pre-quantum fields. Consequently, a residual gravitational effective action arising from fluctuations in the pre-quantum fields will be invariant under the transformation of Eq. (2). But other motivations for the assumption of Weyl scaling invariance can be given. For example, in an Essay on Gravitation last year, 't Hooft [3] argued that physics should be invariant under local conformal symmetry, of which the Weyl scaling of Eq. (2) is a special case.
From the constraints of three-space general coordinate transformation invariance and Weyl scaling invariance, to zeroth order in metric derivatives a residual preferred frame gravitational effective action must have the form [1]
with D i defined through the co-factor expansion of (4) g by (4) g/ (3) g = g 00 +g 0i D i . For the important special class of diagonal metrics for which g 0i = D i = 0, the effective action of Eq. (3) simplifies to
When particulate matter with action S pm is present, the total action is the sum of the EinsteinHilbert gravitational action, the matter action S pm , and the effective action ∆S g . While the
Einstein-Hilbert action and the matter action are four-space general coordinate invariant, the frame-dependent effective action ∆S g is invariant only under the subset of general coordinate transformations that act on the spatial coordinates x, while leaving the time coordinate t invariant.
Consequently, the stress-energy tensor obtained by varying ∆S g with respect to the full metric g µν will not satisfy the covariant conservation condition, and thus cannot be used as a source for the full spacetime Einstein equations. However, it is consistent to include ∆S g in the source for the spatial components of the Einstein tensor G ij in the preferred rest frame, giving the following rules:
1. The spatial components of the Einstein equations are obtained by varying the full action with respect to g ij , giving
with T ij pm the spatial components of the usual particulate matter stress-energy tensor, and with ∆T ij g given by
2. The components of the Einstein tensor G 0i = G i0 and G 00 are obtained from the Bianchi identities with G ij as input, and from them we can infer the conserving extensions ∆T i0 g and ∆T 00
g of the spatial stress-energy tensor components ∆T 
Varying the spatial components of the metric, we find from Eq. (6) that
for which the conserving extension is obviously given by
action has exactly the structure of a cosmological constant. Hence observation of a nonzero cosmological fraction Ω Λ does not necessarily indicate the presence of a standard cosmological term of Eq. (1), but instead could indicate the presence of a frame-dependent effective action of Eqs. (3) and (4), with the constant A 0 given by
Note that in inferring the value of A 0 from the observed cosmological constant we have not given an explanation of why Λ is so small in Planck mass units.
Consider next the spherically symmetric line element
for which ∆S g and ∆T ij g become
Covariant conservation of ∆T µν g then implies [4] that ∆T 0i g = 0 and
A detailed numerical and analytic study of the static, spherically symmetric vacuum Einstein equations as modified by the effective action ∆S g of Eq. (12) has been given by Adler and Ramazanoǧlu [4] . The key results found there are:
1. As might be anticipated from the factor g −2 00 in ∆S g , the existence of a horizon where g 00 vanishes is suppressed. Instead g 00 is nonvanishing for 0 < r < ∞. In spherical coordinates g 00 develops a square root branch point at a finite value r = a, and is complex for 0 < r < a.
This branch point is a coordinate singularity, since it is absent in isotropic coordinates, where again g 00 never vanishes.
2. At macroscopic distances >> 10 −17 M cm outside the nominal horizon (where M is the black hole mass in solar mass units) the numerical solutions closely approximate the standard Schwarzschild form until cosmological distances are reached. Within 10 −17 M cm from the nominal horizon, the behavior of g 00 is modified.
3. In contrast to the Schwarzschild-de Sitter solution arising from a spherical geometry with a standard cosmological constant given by S cosm , which has a non-vanishing curvature scalar
